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A. Research Goals 

The objective of the project is to examine the conversion of poly p- 
phenylenebenzobisoxazole (PBO) to carbon fiber and possible use of PBO in 
carbon/carbon composites. Because of the aromatic, rigid-rod backbone PBO, 
these fibers can be directly converted to highly graphitic carbon fibers with 
no prior stabilization. Because of this structure, carbonized PBO fibers 
should exhibit relatively high thermal conductivities. The goal of the project 
is to form low-cost, high thermal conductivity carbon/carbon composites by 
combining PBO fiber with highly carbonaceous matrices which also can be 
directly carbonized. 

B. Significant Results 

During this past year, PBO fibers were combined with carbonaceous matrix 
precursors and formed into CC composites using a single carbonization step. 
Three different matrix materials were evaluated: a phenolic resin, an alumina- 
loaded phenolic resin, and a coal tar pitch. In the first series of tests, 
PBO fibers were coated with the phenolic resin using a powder coating method 
and a suspension coating method. Then, the coated fibers, or towpreg, were 
wrapped on a fiber mandrel, forming unidirectional specimens. Finally, the 
unidirectional specimens were placed in a heated press and consolidated at 
1100°C into unidirectional CC composites. The objective of this series of 
tests was twofold: (i) determine the void content and crack pattern for this 
fiber/matrix combination and (ii) determine which of the two coating methods 
produces the more consistent CC composite. 

Several of the CC composites formed using each of the coating methods were 
cross-sectioned, mounted and polished to determine the degree of interfacial 
bonding. Optical inspection of all samples revealed few cracks or voids at 
fiber/matrix interfaces, indicative of strong fiber-matrix bonding. This may 
have been the result of simultaneous shrinkage during carbonization or 
interaction between the PBO fiber and the phenolic resin prior to, or during 
carbonization. As expected, numerous small voids and cracks, created the 
evolution of gases during composite carbonization, could be observed 
throughout the matrix. However, because of the strong interfacial bonding, the 
samples also developed cracks perpendicular to the fiber direction to relieve 
accumulated stresses created during carbonization. 
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Figure 1: Comparison of carbonized PBO/phenolic carbon/carbon composites by 
coating method 



The average electrical resistivity as well as the range of measured values 
for thirty CC composite specimens prepared by these two coating techniques 
(using the same nominal process conditions) are shown in Figure 1. As the 
figure shows, the suspension coating method produced CC composites with more 
consistent electrical resistivities. Because of this, the suspension coating 
method was used in all subsequent experiments. It should be noted these 
electrical resistivities, measured parallel the fiber axis, were greater than 
expected. These high resistivities apparently were caused by the stress 
cracks perpendicular to the fiber axis. Such a crack pattern inhibits the flow 
of current, and thus, the flow of heat. Obviously, this type of cracking must 
be minimized if the thermal properties of the CC are to be maximized. 

To address this issue, a second series of CC samples were prepared and 
tested. These samples were prepared by evenly mixing 10 (im in diameter 
alumina powder particles throughout the phenolic resin, applying this mixed 
matrix to the PBO fiber using the suspension coating technique, and then 
thermoforming the coated tows into unidirectional CC composites. The alumina 
powder was added to create additional interfaces (alumina-phenolic) which 
could relieve residual stresses during carbonization. The objective was to 
decrease the size of the matrix cracks. Surprisingly, this alternate stress- 
release mechanism appeared to reduce not only the size of the cracks, but also 
the amount of matrix cracking. These smaller stress cracks caused a decrease 
of the resistivity of the carbonized composites (see Figure 2). 
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Figure 2: Comparison of carbonized composites containing PBO fibers 
with different matrices 

In a third series, PBO fibers were coated with a coal tar pitch using the 
suspension coating method and thermoformed into CC composites. Here the 
objective was to use a highly carbonaceous matrix precursor to decrease void 
formation during carbonization and, possibly, reduce the amount of interfacial 
bonding by using a matrix material which is less likely to interact with PBO 
during carbonization. Again the CC specimens were mounted, cross-sectioned, 
polished, and inspected to determine the degree of interfacial bonding. 
Optical inspection revealed that this fiber/matrix combination resulted in 
enough interfacial cracking to effectively eliminate the stress cracks 
perpendicular to the fiber axes. Because of this, as Figure 2 shows, the coal 
tar-based CC composites exhibited lower resistivities than either the 
phenolic-based or the alumina/phenolic-based carbon/carbon composites. 

C.  Future Research 

The thermal conductivity of all carbon-carbon composites will be measured, 
and a predictive model for the thermal conductivity of CC will be developed. 
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